Conclusions: MGN with ANCA-associated NCGN is a rare dual glomerulopathy seen in patients with heavy proteinuria, acute renal failure, and active urine sediment. Prognosis is variable, with 50% of patients reaching endpoints of ESRD or death.
M embranous glomerulonephritis (MGN) is the most common cause of nephrotic syndrome in white adults, accounting for more than one third of cases (1) . At the time of presentation, the majority of patients with MGN have preserved renal function (2) . Microscopic evaluation of the urine sediment reveals microscopic hematuria in approximately 50% of cases; however, red blood cell casts are not a feature of this disease. Pathologically, MGN is characterized by the formation of subepithelial immune complex deposits with resultant changes to the glomerular basement membrane (GBM), most notably GBM spike formation. Approximately 75% of cases of MGN are thought to represent primary disease, whereas the remaining 25% of cases represent secondary forms of MGN, most commonly related to systemic lupus erythematosus (SLE), infection (i.e., hepatitis B or C virus), malignancy, or drugs. The natural history of MGN is variable, with approximately one third of patients progressing to ESRD within 10 yr (2).
Pauci-immune necrotizing and crescentic glomerulonephritis (PNCGN) is characterized by glomerular necrosis and crescent formation in the absence of significant intracapillary proliferation and in the presence of no more than a "paucity" of glomerular immune complex deposits. The majority of patients with PNCGN, with or without associated systemic vasculitis, have circulating antineutrophil cytoplasmic antibodies (ANCAs), which have been directly implicated in the pathogenesis of this form of glomerular injury. In contrast to patients with MGN, those with PNCGN typically present with rapidly progressive glomerulonephritis (RPGN) and an active urine sediment with red blood cell casts (3, 4) . PNCGN is an aggressive disease with a 1-yr mortality rate of up to 80% in the absence of immunosuppressive therapy. The prognosis of PNCGN is dramatically improved by immunosuppressive regimens that include corticosteroids and cyclophosphamide (CY).
The occurrence of ANCA-associated NCGN and primary MGN in the same patient is rare, with only a handful of reports in the literature (5) (6) (7) (8) (9) (10) . Herein, we detail the clinical, pathologic, and outcome data of 14 patients with this rare dual glomerulopathy and review the previously reported cases.
Materials and Methods
Fourteen patients with renal biopsy findings of ANCA-associated NCGN and MGN were identified from the archives of the Nephropathology Laboratory of Columbia University between January 2000 and February 2008. Patients with SLE were excluded because of the potential for a mixed pattern of lupus nephritis to reveal both membranous and crescentic changes, as well as the high incidence of ANCA in patients with SLE (11) .
All renal biopsies were processed according to standard techniques for light microscopy (LM), immunofluorescence (IF), and electron microscopy (EM). For each patient, 17 glass slides were prepared and stained with hematoxylin and eosin, periodic acid-Schiff (PAS), trichrome, and Jones methenamine silver (JMS). IF was performed on 3-m cryostat sections using polyclonal FITC-conjugated antibodies to IgG, IgM, IgA, C3, C1q, kappa, lambda, fibrinogen, and albumin (Dako Corporation, Carpinteria, CA). IF staining intensity was graded 0 to 3ϩ on a semiquantitative scale. Ultrastructural evaluation was performed using a JEOL 100S or 1010 electron microscope (Tokyo, Japan).
Patients' medical records were reviewed for demographics, clinical features of systemic vasculitis, medication history, ANCA specificity, parameters of renal function, treatment, and outcome. The following clinical definitions were applied: renal insufficiency, serum creatinine Ͼ 1.2 mg/dl; nephrotic range proteinuria (NRP), 24-h urine protein Ն 3 g/d; hypoalbuminemia, serum albumin Յ 3.5 g/dl; nephrotic syndrome, NRP, hypoalbuminemia, and peripheral edema; and hematuria, Ͼ5 red blood cells per high power field on microscopic examination of the urinary sediment. The diagnosis of MGN was based on the finding of subepithelial deposits by IF or EM in Ͼ10% of the glomerular capillary loops (segmental, 10 to 50%; global, Ͼ50%)
Statistical analysis was performed using SPSS for Windows (Chicago, IL). Continuous variables are reported as the mean Ϯ standard deviation. Analysis was performed using exact nonparametric tests, including (as appropriate for variable type) the Fisher exact test, the Wilcoxon rank sum test, and the Kruskal-Wallis test. Survival analysis (to the endpoint of ESRD) was performed using the Cox proportional hazard model (or Cox regression), with results reported as the hazard ratio or odds ratio and the 95% confidence interval (CI). For all tests, statistical significance was assumed at P Ͻ 0.05.
The study was approved by the Institutional Review Board of Columbia University Medical Center.
Results

Clinical Features
The clinical presentation, treatment, and outcomes of patients with MGN and ANCA-associated NCGN are summarized in Table 1 . The cohort consisted of eight men and 6 women with a mean age of 58.7 yr (range 37 to 79 yr). Ten patients were white, three were black, and one was Hispanic. In 13 patients, MGN and NCGN were diagnosed simultaneously at the time of renal biopsy. In one patient (no. 14), biopsyproven MGN preceded the development of RPGN on repeat biopsy 7 mo later. One patient (no. 7) had a 1-yr history of Wegener's granulomatosis of the respiratory tract before presentation with hematuria and proteinuria, raising the question of whether NCGN may have preceded the development of MGN; however, only one biopsy was performed.
ANCA testing was positive by indirect immunofluorescence (IIF) and/or ELISA in all 14 patients. P-ANCA was detected by IIF in seven patients, four of whom were tested by ELISA and found to have MPO-ANCA. C-ANCA was positive in five patients, four of whom were tested by ELISA and found to have PR3-ANCA (three patients) or MPO-ANCA (one patient). Of the remaining two patients, one had both MPO-and PR3-ANCA and the other had an atypical ANCA. Six patients had extrarenal manifestations of vasculitis, including pulmonary nodules, pulmonary hemorrhage, sinusitis with epistaxis, panuveitis, hemorrhagic duodenitis with gastrointestinal bleeding, and hepatic venulitis.
None of the patients had a history of SLE or hepatitis B or C virus infection, and none were receiving a medication associated with drug-induced ANCA-associated NCGN or MGN (such as hydralazine, penicillamine, or propylthiouracil). Testing for antinuclear antibody (ANA), performed in 13 patients, was negative in 11 and weakly positive in two (nos. 2 and 5). Anti-double-stranded DNA (anti-dsDNA) antibody was negative in all eight patients studied. Serum complement studies (C3 and C4) were performed in 13 patients, 11 of whom had normal levels, one had a depressed C3 (no. 5), and one had depressed C3 and C4 (no. 3). The two patients with hypocomplementemia had a negative anti-dsDNA antibody and no evidence of SLE, hepatitis, mixed connective tissue disease (MCTD), or polymyositis. Anti-GBM antibody testing was negative in both patients who underwent testing (nos. 12 and 14). Past medical history included hypertension in six patients, polymyositis in two (nos. 2 and 8), prostate cancer in two (nos. 9 and 12), MCTD in one (no. 8), and gout in one (no. 5).
The majority of patients with ANCA-associated NCGN and MGN presented with RPGN and nephrotic range proteinuria (Table 1) . At presentation, all of the patients had evidence of hematuria, and all but one had evidence of renal insufficiency, the single exception being patient 7, who had mild disease and had been treated with azathioprine for 1 yr before biopsy. The mean serum creatinine was 4.4 mg/dl (range 0.9 to 8.9). Proteinuria was documented in all 13 patients with available data. Among the 11 patients in whom a 24-h urine collection was available, the mean 24-h urine protein was 6.5 g/d (range 0.8 to 16 g), and nine had nephrotic range proteinuria with hypoalbuminemia, including five with edema, thus fulfilling criteria for full nephrotic syndrome. The remaining two patients had 2ϩ and 3ϩ protein on urinalysis. The mean serum albumin was 2.5 g/dl (range 1.4 to 3.5 g/dl). Peripheral edema was documented in six of the 14 patients.
Pathologic Features
The renal biopsy findings are detailed in Table 2 . Sampling for LM included a mean of 17.2 glomeruli (range 4 to 32 glomeruli), and a mean of 22.9% of glomeruli were globally sclerotic. All biopsies showed features of NCGN and MGN ( Figure 1 ). Crescents were present in all patients (involving a mean of 32% of glomeruli), including cellular and fibrous crescents in three, exclusively cellular crescents in nine, and exclusively fibrous crescents in two. When present, cellular and fibrous crescents involved a mean of 27.1% and 23.5% of glomeruli, respectively ( Figure 1, A and B) . In all but one case, the crescents were accompanied by foci of fibrinoid necrosis with endocapillary and extracapillary fibrin, GBM rupture, and karyorrhexis ( Figure 1, A and B) . The necrotizing features in- volved a mean of 21% of glomeruli (range 5% to 50%). Although six cases exhibited mild mesangial hypercellularity, endocapillary proliferation was not seen in any case. Light microscopic findings of MGN, including GBM thickening and spike formation, were evident in eight cases. The degree of tubular atrophy and interstitial fibrosis ranged from absent (two patients) to mild (affecting 1% to 25% of the cortex; five patients) to moderate (affecting 25 to 50% of the cortex; four patients) to severe (affecting Ͼ 50% of cortex; three patients).
Interstitial inflammation was present in all biopsies, ranged from focal to diffuse, and was often accompanied by tubular degenerative changes. Arteriosclerosis and arteriolar hyalinosis EM was performed in 13 patients and showed features of MGN, including subepithelial electron dense deposits, often accompanied by GBM spikes and overlying neomembrane formation ( Figure 1E ). These deposits were segmental (involving 10% to 50% of glomerular capillary loops) in six patients and global (involving Ͼ 50%) in seven patients. The frequent occurrence of only segmental subepithelial deposits is different from cases of idiopathic MGN alone in which, in our experience, the deposits are usually global in distribution. The findings of MGN were classified as stage I in five patients, stage 1 to 2 in three patients, stage II in two patients, stage II-III in two patients, and stage III in one patient. Small, predominantly segmental mesangial deposits, which are often encountered in the setting of PNCGN, were seen in six patients, including one of the two patients with hypocomplementemia. Endothelial tubuloreticular inclusions were identified in two patients (nos. 3 and 8), both of whom had negative ANA and anti-dsDNA antibody. A single patient had focal extraglomerular deposits located in tubular basement membranes. The mean degree of foot process effacement was 78% (range, 10 to 100%).
Outcome
Clinical follow-up was available for all 14 patients. One patient (no. 10) refused hemodialysis or immunosuppressive therapy and died 1 wk postbiopsy. The mean duration of follow-up for the remaining 13 patients was 24.3 mo (median 8 mo; range 1 to 101 mo) ( Table 1) . Treatment data were available for 12 of the 13 patients, all of whom were treated with prednisone and CY (IV in six, oral in five, IV followed by oral in one). In addition, three patients also received pulse methylprednisolone, one received mycophenolate mofetil, and one was treated with plasmapheresis.
Despite aggressive therapy, five of the 13 patients progressed to ESRD. Three of the five patients who progressed to ESRD (nos. 1, 5, and 13) as well as a single additional patient (no. 12) died during the period of available follow-up. Among the remaining seven patients, treatment led to improvement in or stabilization of renal function in four and two patients, respectively. The single exception was patient 4, who had an increase in creatinine from 1.3 to 2.1 mg/dl over 66 mo, despite treatment with prednisone and oral CY. In all six patients with available data, treatment led to a significant decline in the degree of proteinuria. ANCA testing was repeated after treatment in seven patients, five of whom were seronegative.
On statistical analysis, the percentage of globally sclerotic glomeruli correlated with nonresponse (ESRD or worsening of serum creatinine with Ͻ50% reduction in proteinuria or remaining Ͼ2 g/d). By Cox regression analysis, the only significant risk factor for ESRD was serum creatinine at biopsy with a hazard or odds ratio of 1.11 (95% CI, 1.14 to 3.22, P ϭ 0.015). The absence of a correlation between ESRD and the 24-h urine protein or percentage of glomeruli with crescents, open glomeruli (without necrosis or crescent formation), or any other pathologic parameter may have been due to the small sample size and type II error. Curve fitting estimation of 24-h urinary protein excretion as the dependent variable against the percentage of glomerular loops containing subepithelial deposits as the independent variable found no significant correlations, whether modeled as a linear, logarithmic, exponential, logistic, or power function. This lack of correlation may relate to the small sample size or the variable degree of concurrent ANCA glomerulonephritis, which also likely contributed to proteinuria.
Discussion
In the setting of membranous glomerulonephritis, fibrinoid necrosis and crescent formation are rarely encountered. When present, these changes suggest three diagnostic possibilities. First, a combination of crescentic and membranous glomerulonephritis is not uncommon in patients with SLE, corresponding to ISN/RPS lupus nephritis class III and V or IV and V. In the setting of lupus nephritis, the findings of membranous and crescentic changes are usually accompanied by endocapillary proliferation and subendothelial deposits. In the absence of evidence of SLE, findings of MGN with necrosis and crescent formation should raise the possibility of two potential superimposed disease processes, anti-GBM disease and ANCA-associated NCGN. Concurrent anti-GBM disease and MGN was first reported by Klassen et al. (12) in 1974, and since that time at least 20 cases have been described (13) (14) (15) . In these cases, IF shows bilaminar staining of the GBM for IgG, with an inner layer of linear staining and an outer layer of granular positivity.
Coexistent MGN and ANCA-associated NCGN is a rare occurrence, with only 10 reported cases in the English literature in which clinical and pathologic findings are detailed (Table 3) (5-10). The 10 reported cases include seven men and three women with a mean age of 61 yr. In one patient, MGN preceded the development of ANCA-associated NCGN by 5 yr (7). In the remaining nine patients, MGN and ANCA-associated NCGN were diagnosed simultaneously in the same biopsy. Five patients had P-ANCA by IIF, three of whom were tested with ELISA and found to have MPO-ANCA. Three patients had C-ANCA by IIF. The remaining two patients were tested with ELISA only and were found to have MPO-ANCA. Evidence of systemic vasculitis was present in five of the 10 patients, including upper or lower respiratory tract involvement in three, skin involvement in two, and eye involvement in one ( Table 3 ). Nine of the 10 patients were ANA negative, whereas a single patient had a weakly positive ANA (homogenous Table 3 . Membranous Glomerulonephritis with ANCA-Associated Crescentic Glomerulonephritispattern) with negative anti-dsDNA antibody. All nine patients with available data had normal C3 and C4 complement levels. At presentation, nine of the 10 patients had renal insufficiency. Excluding the single patient who required HD, the mean serum creatinine was 3.7 mg/dl (median 1.7 mg/dl; range 1.1 to 13.8 mg/dl). All nine patients with urine output had proteinuria, including four with full nephrotic syndrome. Hematuria was documented in all but one patient, who was oliguric. Renal biopsy established the diagnoses of MGN and NCGN and revealed a mean percentage of glomeruli with crescents of 37% (range 11 to 73%). Among the 10 reported cases of MGN and ANCA-associated NCGN, induction therapy consisted of prednisone and CY in seven patients, prednisone and azathioprine in one patient, and prednisone alone in one patient (Table 3) . One patient also received plasmapheresis. A single patient with diabetes mellitus and severe chronic damage on biopsy did not receive immunosuppression (9) . After a mean follow-up of 38 mo (range 3 mo to 10 yr), four patients had apparent complete renal recovery (normalization of serum creatinine in two, normalization of serum creatinine with resolution of proteinuria in one, and resolution of proteinuria with disappearance of crescents in one), three had partial recovery with a decline in serum creatinine, one (who had normal creatinine at presentation) had stable renal function, and two progressed to ESRD. Of note, Table 3 does not include three examples of MGN with ANCAassociated NCGN that have been attributed to treatment with penicillamine or propylthiouracil (16, 17) .
There are also rare reports of concomitant MGN and crescentic glomerulonephritis in which there is no evidence of anti-GBM disease, ANCA seropositivity, or SLE (9,18), and we have seen a number of similar cases. In these cases, crescent formation may represent an unusual morphologic expression of MGN.
Our study details the clinical features, pathologic findings, and outcomes in 14 additional patients with MGN concurrent with ANCA-associated NCGN. It provides the largest reported experience with the co-existence of these two distinct disease processes. The mean age of patients at diagnosis in this study was 58.7 yr, which is higher than that reported in large series for patients with MGN alone (19) and lower than that for those with ANCA-associated NCGN alone (20) . Similar to the other cases reported in the literature, in the vast majority of our patients MGN and ANCA-associated NCGN were diagnosed simultaneously at presentation. This is different from the situation of concurrent MGN and anti-GBM disease, in which MGN preceded the development of anti-GBM nephritis in close to 50% of reported cases (13, 15) . By definition, none of the patients in our study had SLE. Two patients had polymyositis, including one who also carried a diagnosis of MCTD. In these two patients, who showed mesangial hypercellularity and mesangial deposits, MGN was possibly secondary to polymyositis and/or MCTD (21) . Two additional patients had a history of prostate carcinoma, which is rarely associated with MGN (22, 23) . The remaining 10 patients had no underlying condition known to be associated with MGN. The clinical presentation of patients with MGN and ANCA-associated NCGN in our cohort is relatively similar to ANCA-associated NCGN alone except for the presence of heavier proteinuria. The mean 24-h urine protein for our patients was 6.5 g, compared with 1.7 to 2.5 g in patients with ANCA disease alone (4). In the majority (77%) of cases, the membranous alterations were stage 1 or 2 and in 42% of cases were segmental, suggesting that MGN was detected in its early stages. The patients' outcome in our cohort appears to be worse than that of other patients with MGN and ANCAassociated NCGN reported in the literature (Table 3) and that of patients with ANCA-associated NCGN alone (24, 25) , with 50% reaching endpoints of death or ESRD, despite similar treatments. In our cohort, ESRD correlated with a higher serum creatinine at biopsy. There was no correlation between ESRD and the percentage of glomeruli with cellular crescents or necrosis, or the percentage of open glomeruli, features known to influence outcome in pure ANCA-associated NCGN. This is likely due to the small sample size.
Our data suggest that the co-existence of MGN and ANCAassociated NCGN is rare and is likely to be coincidental. During the period from January 2000 to February 2008, the Renal Pathology Laboratory at Columbia University processed 13,022 native kidney biopsies, including 1149 cases of MGN from non-SLE patients (8.8%) and 444 cases of ANCA-associated NCGN (3.4%). On the basis of these numbers, 39 biopsies with MGN and ANCA-associated NCGN would have been predicted to occur by chance, whereas only 14 cases were actually found. Given these numbers, as well as the fact that the pathogenesis of MGN and ANCA-associated NCGN are distinct and both conditions were diagnosed simultaneously in the majority of cases, we believe that MGN with ANCA-associated NCGN represents a chance occurrence of two unrelated disease processes.
ANCA-associated NCGN has been frequently reported to occur superimposed on other glomerular disease processes, including IgA nephropathy (26) , acute postinfectious glomerulonephritis (27) , lupus nephritis (11) , and even diabetic glomerulosclerosis (28) . Recent data suggest that glomerular injury may be potentiated by synergetic effects of ANCAs and immune complex deposits. Haas and Eustace examined 126 cases of ANCA-associated PNCGN by IF and EM and found glomerular immune complex deposits, mostly confined to the mesangium, in 54% of cases (29) . When present, the subepithelial and intramembranous deposits were typically few in number, although two biopsies contained numerous subepithelial deposits and likely represented ANCA-associated NCGN with MGN. Interestingly, in this study the presence of immune deposits by EM was associated with heavier proteinuria and a higher percentage of glomeruli with crescents (29) . Similarly, another study compared 37 cases of ANCA-associated NCGN without deposits to eight cases with deposits by IF and found a positive correlation between the presence of deposits and the degree of proteinuria (30). On the basis of these studies and the poor outcomes in our cohort, patients with MGN and ANCA-associated NCGN are likely to have heavier proteinuria and a worse prognosis than patients with ANCA-associated NCGN alone. Of note, the presence of immune deposits has also been shown to augment glomerular injury induced by ANCA in mice (31, 32) .
In summary, we report the largest clinical experience to date with MGN and ANCA-associated NCGN. This dual glomerulopathy likely represents the coincidental occurrence of two separate disease processes. From the perspective of ANCAassociated NCGN, the finding of coincidental MGN appears to be associated with a greater degree of proteinuria and to have a negative impact on the already poor prognosis of this condition. Conversely, the finding of glomerular fibrinoid necrosis or crescent formation in the setting of MGN should lead to prompt testing for ANCA. The diagnosis of MGN with ANCA-associated NCGN should be considered in patients who present with RPGN and nephrotic syndrome.
